An experiment was conducted at the Savanna Agricultural Research Institute (SARI) to determine the response of groundnut varieties to spacing with regard to nodulation and nitrogen fixation. . Based on the two year average performance, the Jenkaar variety was found to be superior in terms of nitrogen fixation. However, more benefits would be derived if the variety is established using the SP1 arrangement under sole groundnut system.
INTRODUCTION
Extensive cereal cultivation with little or no fertilizer input, coupled with annual bushfires that remove the vegetation cover including crop stubble in the Guinea savanna has resulted in a decline in soil fertility. Farmers therefore have to shift to relatively new and more fertile lands or increase the area under cultivation to meet the same production targets. These systems face serious challenges as demand for land increases because of extensive farming practices for other crops and competing nonagricultural land uses. Added to these is the huge cost of cultivating large spans of land with rudimentary farm tools.
Among the several legumes planted in the Guinea savanna of Ghana, groundnut by far is the most important, usually grown as cash crop. The added benefit groundnut brings to the agricultural production systems through biological nitrogen fixation have been well studied and documented (Linderman and Glover, 2008; Toomson et al., 1995) . Grain legumes like groundnut have been reported to provide an equivalent of 60 kg N ha -1 to subsequent non-legume crop (Ghosh et al., 2007) . There have been several reports of increased production of cereal following groundnut in the crop sequence (Ghosh et al., 2004a) . Bado et al., (2006) reported that lower doses of N (20 kg N ha -1 ) fertilizer were required by sorghum following groundnut compared to sorghum following cowpea (60 kg N ha -1 ) to achieve the same yield results. Similarly, wheat which followed groundnut recorded higher grain yield than that following pearl millet (Ghosh et al., 2007) . In a fodder legume experiment, the carry-over of N from groundnut for use by the succeeding crop was found to be 54-58 kg N ha -1 (Hedge and Dwivedi, 1993) .
The benefits of groundnut as a legume is not limited to sole groundnut systems. Cereals have been reported to benefit significantly in cereal/groundnut intercropping systems through direct transfer or the process of nitrogen sparing, as well as enjoying other benefits associated with the presence of nitrogen fixing bacteria in the soil (Nambiar and Dart, 1980) . Results of intercropping study by Rwamugira and Massawe (1990) showed that maize intercropped with groundnut responded to fertilizer up to 60 kg N ha -1 while sole maize responded up to 120 kg N ha -1 . In nitrogen uptake study of intercropped maize and groundnut, it was observed that at low nitrogen levels, the nitrogen content of intercropped maize was higher than that of sole maize, indicating some transfer of fixed N from the groundnut to maize (Francis, 1986) . Earlier studies by Nair et al., (1979) had shown that groundnut/maize intercropping system increased the nitrogen uptake and yield of succeeding wheat crop, and intercropping sorghum with groundnut reportedly reduced the nitrogen fertilizer requirement of the succeeding wheat crop by 30-84 kg N ha -1 over sole sorghum. In the case of Ghosh et al., (2007) , the N requirements of wheat for a target yield of 4.0 tha -1 was 100.8 kg ha -1 after sole sorghum, which was reduced to 83 kg ha -1 after intercropping sorghum with groundnut.
In legume/legume intercropping, practiced largely in India, the predominant intercropping system is pigeon pea/groundnut system found in most parts of dry land areas because of the ability of groundnut to establish rapid canopy cover over the ground and efficiently utilize growth resources (Ghosh et al., 2007) . Also, groundnut included in the cropping system is known to help solubilize insoluble P in the soil, improve the soil physical environment, increase soil microbial activity, restore organic matter and smother weeds (Ghosh et al., 2007) . This study therefore sought to investigate the contributions of new groundnut varieties and close spacing to biological nitrogen fixation in the Guinea savanna agro-ecology of Ghana.
MATERIALS AND METHODS

Experimental site:
The experiment was conducted in 2006 and 2007 on the research station of the savanna agricultural research institute (SARI) at Nyankpala. Nyankpala (9 o 25'N, 1 0 00 ' W, 183 metres above sea level) is a farming community located 16 km west of Tamale. The land has a gentle slope of about 2 % and is strongly disturbed by sheet erosion. It is a well drained Voltaian sandstone soil unit locally referred to as Tingoli series. The field was left fallow for three years after being cropped to maize previously. The initial analysis of soil samples taken at the site revealed a pH of 6.5 in calcium chloride (CaCL 2 ), 0.044 % total nitrogen, 10.5 mg kg -1 available P and 0.37 % organic carbon.
The climate is warm, semi-arid with mono-modal annual rainfall of up to 1200 mm which falls mostly between May and September. This is then followed by seven months of dry season, which is characterized by the dry harmattan winds with high risk of uncontrolled bushfires resulting in the loss of vegetative cover. The average monthly atmospheric temperatures range from 26 0 C to a maximum of 39 0 C with an annual mean of 32 0 C. The total amount of rainfall during the period of the experiment in 2007 was 873.5 mm which was higher but less evenly distributed than the rainfall of 740.4 mm received during the same period in 2006.
Experimental Design and Treatments:
The experiment was laid out in randomized complete block (RCB) design with three replicates. Each plot measured 6 m x 6 m. A net plot which measured 4 m x 4 m was taken for crop growth data and yield analysis. The factors tested were groundnut variety and plant spacing. These comprised six varieties (Adepa, Azivivi, Jenkaar, Nkosuor, Kpanieli and Manipintar) and three different spacing (SP1 (30 x 15 cm); SP2 (40 x 10 cm) and SP3 (50 x 10 cm)). Initial weed control was by hand hoe and hand pulling 3 and 6 weeks after planting respectively.
Plant measurements
Plant stand and number of branches: Plant count was done two weeks after sowing from each net plot. The number of branches of five selected and tagged plants from each net plot was also determined by counting at maturity. The data was then subjected to square root transformations.
Shoot dry matter:
From the border rows on each side of each treatment plot, five plants were randomly chosen and cut at the ground level for shoot dry matter determination 4, 6 and 8 weeks after planting (WAP). Total fresh weight was taken using an electronic balance in the laboratory of SARI in 2006 and 2007. Plant materials were then put in large brown envelopes and oven dried at 80 o C for 72 hours. The dry material was then weighed and shoots dry matter recorded.
Number of nodules:
Five plants from the border rows were randomly selected and gently dug out 6 weeks after sowing. The plants were then washed through a fine sieve in water to remove soil particles. The number of nodules on each plant was then determined and the average nodule number per plant calculated. Data was then subjected to square root transformation.
Estimation of percent nitrogen fixed and stover nitrogen:
The technique used to estimate N 2 -fixed was the Total Nitrogen Difference (TND) method as described by Hansen (1994) . The groundnut varieties and spacing treatments were compared to a single treatment of maize (Dorke SR) per replication, grown as the reference crop. To measure nitrogen fixation, residue and seed samples of both the groundnut varieties and the reference crop were ground and crude protein content was obtained using the microKjeldahl method. Nitrogen content was measured by automated indophenols method and was read on flow injection analyzer (FIA). The nitrogen difference between the groundnut treatments and the maize crop on per plant basis was regarded as the quantity of N provided by biological nitrogen fixation (BNF). Statistical methods: The data collected were subjected to statistical analysis using Genstat discovery edition (2011). The analysis of variance method was followed to determine whether differences existed among treatments. All treatments were compared using the least significant difference (Lsd) method at 5 % probability level (Gomez and Gomez, 1984) .
RESULTS
Plant stand, number of branches and nodules:
There were no significant influence of both groundnut variety and spacing arrangement (transformed) on plant stand and, numbers of branches and nodules per plant in both cropping seasons (Table 1) . (Fig 1.3) . Spacing did not significantly influence shoot dry matter in both years (Fig 1.2 and 1.4 ).
g plant-1 = grams per plant; WAP = weeks after planting. (Table ii) . The effect of Azivivi on seed N was significantly lower (P<0.05) than those of the remaining varieties which had similar effects (Table  ii) . The results also show that Nkosuor and Manipintar recorded similar effects on total N in 2007, however, the effect of Nkosuor was significantly higher (P<0.05) than all other varietal effects (Table  ii) . Also, the effect of Manipintar on total N was significantly higher (P<0.05) than the Adepa, Azivivi and Jenkaar varieties, all of which recorded similar effects on total N. (Table  iii) . In 2007, the effect of the SP1 spacing on stover yield was significantly greater (P<0.05) than the effects of SP2 and SP3 spacing arrangements. Also, effect of the SP2 spacing was significantly greater (P<0.05) than effect of the SP3 spacing (Table iii) . Stover N (kg N ha -1 ) in 2006 was greatest in the Jenkaar variety, and its effect was significantly higher (P<0.05) than the effect of the Nkosuor variety only. In 2007, the Manipintar and Nkosuor varieties recorded similar effects on stover N. Varietal effect of Nkosuor on stover N was however significantly greater (P<0.05) than the effects of the remaining varieties (Table iii) . The effects of the SP1 and SP2 spacing arrangements on stover N in 2007 were similar but either effect was significantly (P<0.05) different from the effect of the SP3 spacing (Table iii) . Correlation analysis: Groundnut varieties and spacing arrangements exerted significant influences on residue N and stover N and their relationships in both years. Residue N was positive and highly correlated (Fig 1.5 and 1 .6) to stover N of varieties (r = 0.63, P<0.05) and spacing arrangements (r = 0.53, P<0.05). The influences exerted by both variety and spacing arrangements on the relationship between stover yield and stover N were also positive and significant in both years (Fig 1.7, 1 .8, 1.9 and 1.10). Stover yield (tha -1 )
DISCUSSION
Plant stand, number of branches and nodules: The absence of variation in plant stand by the groundnut varieties probably relates to similar genetic response to the environment Since differences in plant stand in groundnut varieties under similar environmental conditions has been attributed to mainly genetic factors (Ahmad and Mohammad, 1997) . The relatively higher plant stand observed in the Adepa and Nkosuor varieties in 2006, and Manipintar in 2007 can be attributed to plant factors since all the varieties experienced similar environmental conditions although these were not significantly different from the other varieties. The general poor plant stand observed for all the varieties and spacing arrangement could have been caused by the high temperatures and insufficient soil moisture shortly after seeding (ICCRISAT, 1994) .
Although there were no variation in the number of branches among the varieties in and spacing both years, the mean of varietal treatments was reduced by 13.9 % in 2007, probably as a result of the drought experienced during the early part of the season. The similar numbers of branches recorded by the varieties suggest that the varieties did not differ significantly in terms of the intrinsic plant factors controlling the trait. These intrinsic plant factors were not significantly subject to influence by the environment, resulting similar number of branches when the varieties were established under different spacing arrangements. Similar results were reported by Kang Young Kil et al., (1988) working with soya bean. This observation conflicts with the findings of Andrade et al., (2002) who reported increasing number of branches with increasing row widths.
The lack of differences in the number of nodules with regard to the varieties could have been as result of the insufficient numbers of the compatible native Rhizobia (Giller, 2001 ) since the land was left fallow after cereal cultivation. Again, the similarities in nodule numbers in both seasons with respect to spacing arrangement suggest that plant spacing did not exert significant effects on the process of nodulation.
Plants shoot dry matter:
The increase in plant shoot dry matter (gplant -1 ) from 4-8 WAP was consistent with the growth pattern of groundnut. The differences in dry matter observed in both years could be attributed to varietal factors that led to some varieties achieving higher rates of photosynthesis, thereby accumulating more dry matter under the same conditions, supporting earlier findings of Ahmad and Mohammad (1997) , Gouri et al., (2005) and Bharud and Pawar (2005) . In both years, wide spacing arrangement resulted in higher plant shoot dry matter later in the season probably because of lesser competition for growth resources compared to the close spacing arrangements. The poor performance of the close spacing arrangements later in the season can be attributed to early competition and subsequent depletion of growth resources by the high density crop, coupled with the effects of mutual shading which reduced photosynthetic rates, resulting in lower shoot dry matter. Similar results have been reported by Bulson et al., (1987), and Hauggaard-Nielsen et al., (2001) Bado et al., (2006) to inhibit nodulation and nitrogen fixation. The exceptional performance of the Nkosuor variety in 2007 was probably because of conditions favouring growth, which might have supported its genetic potential to assimilate and allocate higher amount of nitrogen both to the residue and seed. This characteristic places Nkosuor among a group of legumes which can play an important role in sustainable subsistence farming systems and it fits well into what Ghosh et al., (2007) referred to as an 'ideal' legume.
Stover yield and nitrogen: Differences in stover yield observed among the varieties were largely as a result of the varying genetic potential to attain different sizes in the same environment at maturity. Closely spaced treatments supported smaller shoot dry matter (gplant -1 ). However, the reduced dry matter plant -1 was more than compensated for by the additional plants m -2 , resulting in a higher stover yield compared to wide spacing arrangements. The higher stover yield values observed in 2007 can be attributed to more available moisture and sufficient nutrient uptake that encouraged vegetative growth, leading to bigger plants and higher stover yield. Such a situation in groundnut however usually occurs at the expense of reproductive growth (Schilling and Gibbons, 2002) . The lower stover yield obtained in 2006 can be explained by the work of Banerjee et al., (2005) who reported significant reduction in stover yield with decreasing soil moisture availability. Stover N (kg N ha -1 ) is influenced by the amount of crop residue as well as N concentration in the residue. Therefore, varieties and spacing arrangements that recorded significant stover yields also resulted in significant stover N in both years. Some stover N values obtained from this study were consistent with earlier reports of 60 Kg N ha -1 (Ghosh et al., 2007) and 54-58 KgNha -1 (Hedge and Dwevidi, 1993) . Stover N of other treatments however, were well below that reported by these studies, probably due to environmental factors controlling nitrogen concentration in the residue and plant size at maturity that determines the overall stover yield.
Correlations:
The positive relationship between residue (N %) and stover N (Kg N ha ) and stover N confirms the earlier reports by Bell et al., (1993) and Boote et al., (1992) indicating that groundnut plant dry matter and nitrogen content are positive and strongly correlated to the stover N. This suggest that activities including spacing arrangements that will lead to increases in either or both stover yield and residue N can potentially increase the overall amount of nitrogen left behind by groundnut cultivation.
CONCLUSION
Based on the results of this study, it can be concluded that the groundnut varieties fixed varying amounts of nitrogen through symbiotic relationships with resident Rhizobia under similar environmental conditions. Therefore, Jenkaar, giving higher stover N (kg N ha -1 ) would be considered as having the potential to leave more nitrogen in the soil for the succeeding non-legume crop(s) if grown in a rotation. The SP1 spacing arrangement produced very large amounts of crop stover, resulting in higher stover N. Therefore, Jenkaar established using the SP1 spacing arrangement would give the best results and it is of great potential for further research and use by low external input smallholder production systems in the Guinea savanna zones.
